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(54) Air abrasive blast line travel machine 

(57) A pipeline treating apparatus (10) is disclosed 
which is used to clean the exterior of a pipeline (12) with 
high pressure air with entrained abrasive. The apparatus 
has an improved classifier and separator to separate the 
abrasive grit from lighter debris which includes a classi- 
fier and separator within a manifold duct which returns 
the grit to a collection pan for recovery and causes the 
lighter airborne dust to be removed through a return duct. 



A series of pressure relief filters reduce the air pressure 
within a blast chamber (18) and resist debris escaping 
from the blast chamber past the triple seals. The blast 
nozzle assemblies are attached to the nozzle oscillating 
frames by snap fittings which avoids threaded connec- 
tions which may become contaminated by the debris. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of co-pend- 
ing application Serial No. 08/104,171 filed August 6, 
1 993, which is a continuation-in-part of application Serial 
No. 91 1 ,759 filed July 1 0, 1 992. which is a continuation- 
in-part of application serial No, 567,238 filed August 14, 
1990. 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to a machine for traveling 
along a pipe or pipeline to clean the surface with an abra- 
sive. 

BACKGROUND OF THE INVENTION 

A pipeline is typically coated with a protective coat- 
ing, such a protective tape or other material. After a 
period of time underground, this coating will deteriorate, 
requiring the pipeline to be dug up, the old coating 
removed and a new coating applied in order to maximize 
the life of the pipeline. 

The cleaning of an older coating on a pipeline should 
be accomplished as rapidly as possible, as inexpensively 
as possible, and with minimum damage to the pipeline 
itself. There is a growing need for this service as many 
pipelines have now been underground sufficiently long 
that they do need to be treated. Further, improved coat- 
ings are being developed which make it desirable to 
remove the lesser effective original coatings and replace 
them with the new coatings. 

A need therefore exists for a machine and process 
which cleans a pipeline quickly and effectively. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present inven- 
tion, a pipeline treating apparatus is provided for treating 
the exterior surface of a pipeline. The apparatus includes 
a housing defining an enclosed chamber about a portion 
of the exterior surface of the pipeline. A treating mecha- 
nism is mounted on the housing to treat the exterior sur- 
face of the pipeline with a treating media, the treating 
media removing debris from the exterior surface of the 
pipeline. A classifier and separator unit is mounted on 
the housing to separate the debris and the treating media 
to permit disposal of the debris and recycling of the treat- 
ing media to the treating mechanism. A collector assem- 
bly is mounted on the housing to remove the debris and 
treating media from the enclosed chamber to the classi- 
fier and separator unit. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood upon 
reading the detailed description set forth below in con- 
5 nection with the following drawings, wherein. 

FIGURE 1 is a side view of an automated pipeline 
treating apparatus forming a first embodiment of the 
present invention; 
10 FIGURE 2 is a side view of the automated jet clean- 
ing unit used in the apparatus of FIGURE 1 ; 
FIGURE 3 is a front view of the automated jet clean- 
ing unit of FIGURE 2; 

FIGURE 4 is a top view of the automated jet cleaning 
is unit of FIGURE 2; 

FIGURE 5 is an end view of the nozzle carriage 
assembly and abrasive cleaning nozzles utilized in 
the apparatus; 

FIGURE 6 is an end view of the nozzle carriage 
20 assembly and abrasive cleaning nozzles with the 
arcuate rings on which the nozzles are mounted piv- 
oted to the removal position; 
FIGURE 7 is an end view of the centering assembly 
used in the apparatus centered about a pipeline; 
25 FIGU RE 8 is an end view of the centering apparatus 
in the removal position; 

FIGURE 9 is a schematic view of the chain drive for 
the abrasive cleaning nozzles in the operating ori- 
entation; 

30 FIGURE 10 is an illustrative view of the chain drive 
in the removal position; 

FIGURE 11 is an end view of the nozzle carriage 
assembly and abrasive cleaning nozzles illustrating 
the chain drive; 
35 FIGURE 12 is a side view of the nozzle carriage 
assembly and abrasive cleaning nozzles; 
FIGURE 1 3 is an illustrative view of the arcuate rings 
and abrasive cleaning nozzles in the operating posi- 
tion; 

40 FIGURE l4isanillustrativeviewofthearcuaterings 
pivoted to the removal position. 
FIGURE 1 5 is an illustrative view of the nozzle used 
in the apparatus; 

FIGURE 16 is an illustrative view of the travel path 
45 of the spray from the nozzle; 

FIGURE 1 7 is an end view of an automated pipeline 
treating apparatus forming a second embodiment of 
the present invention; 

FIGURE 18 is a side view of the apparatus of FIG- 
50 URE 17; 

FIGURE 1 9 is a simplified end view of the apparatus 
of FIGURE 17; 

FIGURE 20 is a simplified side view of the apparatus 
of FIGURE 17; 

55 FIGURE 21 is an end view of the chain drive of the 
apparatus of FIGURE 17; 

FIGURE 22 is a side view of the chain drive of FIG- 
URE 21; 
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FIGURE 23 is an end view of a nozzle carriage and 
nozzle of the apparatus of FIGURE 1 7; 
FIGURE 24 is a side view of the nozzle carriage and 
nozzle of FIGURE 23; 

FIGURE 25 is an end view of the drive ring assembly s 
of the apparatus of FIGURE 1 7; 
FIGURE 26 is an end view of a shield assembly in 
the apparatus of FIGURE 17; 
FIGURE 27 is a side view of the shield assembly; 
FIGURE 28 is a perspective view of a nozzle assem- 10 
bly forming a third embodiment of the present inven- 
tion; 

FIGURE 29 is a side view of the nozzle assembly; 
FIGURE 30 is an end view of the nozzle assembly; 
FIGURE 31 is a top view of the nozzle assembly; is 
FIGURE 32 is a side view of the nut to adjust the gun 
in the y direction; 

FIGURE 33 is a top view of the nut of FIGURE 32; 
FIGURE 34 is a side view of the gun mount pin; 
FIGURE 35 is a cross-sectional view taken through 20 
lines 35-35 in the direction of arrows in FIGURE 34; 
FIGURE 36 is a cross-sectional view of the reversi- 
ble nozzle; 

FIGURE 37 is a side view of the nozzle adapter; 
FIGURE 38 is an end view of the nozzle adapter; 25 
FIGURE 39 is a perspective view of a pipeline treat- 
ing apparatus forming a fourth embodiment of the 
present invention; 

FIGURE 40 is a back view of the apparatus of FIG- 
URE 39; 30 
FIGURE 41 is a side view of the apparatus of FIG- 
URE 39; 

FIGURE 42 is a front view of the apparatus of FIG- 
URE 39; 

FIGURE 43 is a top view of the apparatus of FIGU RE 35 
39; 

FIGURE 44 is a partial cross-sectional view of the 
apparatus; 

FIGURE 45 is an illustrative view of the drive train of 
the apparatus; 40 
FIGURE 46 is an illustrative view of the chain drive 
of the apparatus; 

FIGURE 47 is a side view of a carriage used in the 
apparatus; 

FIGURE 48 is a front view of the carriage of FIGURE 45 
47; 

FIGURE 49 is a side view of a carriage used in the 
apparatus; 

FIGU RE 50 is a front view of the carriage of FIGU RE 
49; 50 
FIGURE 51 is a top view of a bracket used in the 
apparatus; 

FIGU RE 52 is a side view of a bracket of FIGURE 51 ; 
FIGURE 53 is a top view of a clamp used in the appa- 
ratus; 55 
FIGURE 54 is a side view of the clamp of FIGURE 
53; 

FIGURE 55 is a cross-sectional view of the appara- 
tus; 



FIGURES 56A, B and C illustrate various nozzle 
configurations on the apparatus; 
FIGURE 57 is an end view of a carriage forming a 
fifth embodiment of the present invention; 
FIGURE 58 is a detail view of the drive assembly of 
the carriage; 

FIGURE 59 is a detail end view of the carriage show- 
ing the detail of the drive assembly; 
FIGURE 60 is a side view in partial cross-section of 
the carriage; 

FIGURE 61 is an end view in partial cross-section 
of a carriage forming a sixth embodiment of the 
present invention; 

FIGURE 62 is an end view in partial cross-section 
of the carriage showing the wings open to the 
removal position; 

FIGURE 63 is a side view in partial cross-section of 
the carriage; 

FIGURE 64 is an exploded perspective view of a car- 
riage forming a seventh embodiment of the present 
invention; 

FIGURE 65 is a detail view of the collection pan used 
in the carriage; 

FIGURE 65A is a detail cross-sectional view of a 
port in the collection pan; 

FIGURE 66 is an end view in partial cross-section 
of the carriage; 

FIGURE 67 is a side view in partial cross-section of 
the carriage; 

FIGURE 68 is an end view of the first housing sec- 
tion of the carriage; 

FIGURE 69 is an end view of the first nozzle frame 
of the carriage; 

FIGURE 70 is an end view of the first nozzle plate 
of the carriage; 

FIGURE 71 is a side view in partial cross-section of 

the first oscillation drive of the carriage; 

FIGURE 72 is a top view in partial cross-section of 

the first oscillation drive of the carriage; 

FIGURE 73 is a partial cross-sectional view of the 

carriage showing the nozzle plate; 

FIGURE 74 is a top view and partial cross-section 

of the main frame of the carriage; 

FIGURE 75 is an end view, in partial cross-section, 

of the carriage with the housing sections and the 

nozzle frames moved to the removal position; 

FIGURE 76 is a detail view of the guide rollers of the 

carriage; 

FIGURE 77 is a side view of an eighth embodiment 
of the present invention; 

FIGURE 78 is an end view of the embodiment of 
FIGURE 77; 

FIGURE 79 is an end view from the opposite end of 
the embodiment shown in FIGURE 77; 
FIGURE 80 is a top view of the embodiment of FIG- 
URE 80; 

FIGURE 81 is a plan view of the nozzle assembly; 
FIGURE 82 is a side view of the nozzle assembly; 
FIGURE 83 is a side view of an elbow for the nozzle; 
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FIGURE 84 is a side view of a modified elbow for the 
nozzle; 

FIGURE 85 is an end view showing the flexible 
shield; and 

FIGURE 86 is a side view of the apparatus. 
DETAILED DESCRIPTION 

With reference now to the accompanying drawings, 
wherein like reference numerals designate like or similar 
parts throughout the several views, an automated pipe- 
line treating apparatus 10 forming a first embodiment of 
the invention is illustrated in FIGURES 1-16. The appa- 
ratus 1 0 is used to clean and/or coat a pipeline 12, which 
can be either a new pipeline or a previously coated pipe- 
line in need of rehabilitation. Typically, the pipeline to be 
rehabilitated will be a pipeline which has just been uncov- 
ered and raised out of the ditch with the original coating 
on the pipeline having degraded to a condition that is no 
longer serviceable. 

In various modes of the apparatus 1 0, the apparatus 
can be used to clean any old coating off the pipeline and 
condition the outer surface of the pipeline itself for a new 
coating. In another mode, the apparatus 1 0 can be used 
to spray on the new coating once the pipeline surface 
has been prepared. 

In the cleaning and surface preparation mode, the 
apparatus 10 includes three major sections, a sled unit 
14, a travel unit 16 and an automated jet cleaning unit 
18. The sled unit 14 is commonly mounted on tracks 
which is pulled parallel to the pipeline being treated and 
the weight of the sled unit thus has no effect whatsoever 
on the pipeline. In contrast, the travel unit 16 and auto- 
mated jet cleaning unit 18 are supported on the pipeline 
itself for movement along the axis 20 of the pipe in the 
direction of arrow 22. The weight of the travel unit and 
automated jet cleaning unit will be such as to be readily 
carried by the pipeline without damage. The weight of 
these units does not have to be supported by a side 
boom or other lifting device during operation. 

With reference to FIGURES 2-8, various details of 
the automated jet cleaning unit 18 can be further 
described. The unit 1 8 includes a centering assembly 24. 
As best shown in FIGURES 7 and 8, the centering 
assembly 24 can be seen to include pivotal arms 26 and 
28 which pivot on frame member 30 through the action 
of air cylinders 32 between an operating position, shown 
in FIGURE 7. and an installation or removal position, 
shown in FIGURE 8. Each of the arms, and the frame 
member mount an aligned pair of guide wheels 34 to sup- 
port the centering assembly 24 on the pipeline. In the 
operating position, as seen in FIGURE 7, the three pairs 
of guide wheels are distributed at 120° from each other 
around the pipeline so that the centering assembly 24 is 
centered on the pipeline, preferably, air pressure is main- 
tained in cylinders 32 when the centering assembly is in 
the operating position to hold wheels 34 firmly against 
the pipeline to keep the centering assembly centered on 



the axis 20 of the pipe despite weld joints and surface 
irregularities. 

Attached to the centering assembly 24 is a nozzle 
carriage assembly 36. The nozzle carriage assembly 36 

5 includes two arcuate rings 38 and 40. Ring 38 is rigidly 
secured to arm 26. Ring 40 is similarly rigidly secured to 
arm 28. Thus, as seen in FIGURE 6, as the cylinders 32 
operate to pivot arms 26 and 28 into the installation or 
removal position, the arcuate rings 38 and 40 are simi- 

w larly deployed. 

As best seen in FIGURE 4, the rings 38 and 40 are 
spaced apart a distance L from each other along the 
pipeline axis 20. The rings preferably have an arc greater 
than 180°. The radius of the rings 38 and 40 is selected 

is so that the rings are concentric with the pipeline axis 20 
when the arms 26 and 28 are in the operating position. 
Thus, in the operating position, the rings 38 and 40 are 
at a constant distance from the outer surface of the pipe- 
line about the entire circumference of the pipeline. 

20 Mounted on the arcuate rings 38 and 40 are a series 
of abrasive cleaning nozzle carriages 42, with each car- 
riage supporting an abrasive cleaning nozzle 44. There 
are illustrated six carriages and nozzles on each of the 
rings 38 and 40. However, this number can be varied as 

25 will be described in detail hereinafter. 

Each of the carriages 42 is supported on a ring by 
a series of wheels 46 guided on the inner and outer 
edges of the ring to permit the carriage and attached noz- 
zle to move in an arcuate manner along the ring. Each 

30 of the carriages on a particular ring are interconnected 
by links 48 pivoted between adjacent carriages. Thus, 
motion of a carriage will be mirrored by the motion of the 
rest of the carriages on that particular ring. 

With reference to FIGURE 15, the details of the 

35 abrasive cleaning nozzles 44 can be descrfoed. The noz- 
zles have passages 50 to carry high pressure water, for 
example in a pressure range of 10,000 • 15,000 psi. An 
abrasive channel 52 carries abrasives (typically sand) 
which are entrained in the water flow to enhance the 

40 cleaning activity of the nozzle. As can be seen, the high 
pressure water is sprayed from the nozzle through ports 
54 at an angle relative to the center axis 56 of the nozzle 
and toward the axis 56. This creates a relative vacuum 
at passage 52 to entrain the abrasives in the water jet 

45 flow to enhance the cleaning action and provide an addi- 
tional force to move the abrasive. 

As can be seen in FIGURE 2, the abrasive nozzles 
44 are preferably mounted on their carriages so that the 
jet impinges on the outer surface of the pipeline at an 

so oblique angle to the surface. The nozzles are preferably 
adjustably mounted to allow the operator to select the 
best angle. It has been found that this enhances the effi- 
ciency of cleaning. The use of high pressure water jets, 
particularly with entrained abrasives, is an improvement 

55 over shot blast cleaning, where shot impinges against 
the outer surface of the pipeline. Shot blast cleaning 
leaves a relatively smooth outer surface to the pipeline, 
which is not a suitable surface profile for bonding with 
adhesive to apply a new coat on the pipeline. The high 
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pressure water jet, particularly with entrained abrasives, 
generates a highly irregular angular surface which is very 
conducive for bonding with adhesive. 

With reference to FIGURES 9-12, the mechanism 
for oscillating the nozzles 44 will be described. Mounted 
atop the centering assembly 24 is a control module 58. 
Within the control module is a motor 60 with a drive shaft 
62 which extends out of the module and through the 
assembly 36 and extends parallel to the axis 20 of the 
pipeline when the units are in the operating position. The 
motor rotates shaft 62 in the direction of the arrow with 
an adjustable predetermined angular velocity. A first 
drive gear 64 is mounted on the shaft adjacent the ring 
38. A second drive gear 66 is mounted on the shaft adja- 
cent the arcuate ring 40. As seen in FIGURES 10 and 
11, the first drive gear drives a first driven gear 68 
through a chain 70. The second drive gear drives a sec- 
ond driven gear 72 through a chain 74. Drive gears 68 
and 72 are supported from frame member 30 so that the 
distance between the gears does not vary whether the 
arms are in the operating or installation and removal 
position. 

Arcuate ring 38 supports a continuous chain 76 
which is supported about the periphery of the ring for 30° 
of the entire length of the ring. Arcuate ring 40 mounts a 
continuous chain 78 in the same manner. 

First driven gear 68 drives a gear 80 which engages 
the chain 76 when the device is in the operating position 
as shown in FIGURE 9. Second driven gear 72 similarly 
drives a gear 82 which is engaged with chain 78 in the 
operating position. When cylinders 32 are actuated to 
pivot arms 26 and 28 into the installation/removal posi- 
tion, the chains 76 and 78 simply move out of engage- 
ment with the gears 80 and 82, as best seen in FIGURE 
1 0, to disconnect the drive train. Similarly, when the arms 
are pivoted to the operating position, the chains 76 and 
78 re-engage the gears 80 and 82, respectively, to com- 
plete the drive train. 

In operation, the travel unit 1 6 will drive the cleaning 
unit 18 along the pipeline, while the motor 60 oscillates 
the nozzles 44. 

Chains 76 and 78 each have a special link in them 
which receives a floating pin extending from the nozzle 
carriage 42' closest to the drive motor. The continuous 
rotation of chains 76 and 78 translate into oscillation of 
nozzle carriage 42' about an arcuate distance on rings 
38 and 40 determined by the length of the chains 76 and 
78. The pin floats a limited direction on a radial line per- 
pendicular to axis 22 when the arms and rings are in the 
operation position to follow the spelcial link in its travel. If 
only a single nozzle carriage and nozzle were used on 
each ring, chains 76 and 78 need only be lengthened to 
extend about a 1 80° arc of the periphery of the rings, as 
shown in FIGURES 9 and 10. 

As best seen in FIGURE 16. the width W that each 
nozzle travels should be twice the distance D that the 
nozzles moves along the pipeline. Further, the arc of 
reciprocation for the nozzles should be about 360° 
divided by the number of nozzles to ensure complete 



coverage of the outer surface of the pipeline. For exam- 
ple, rf twelve nozzles are used, six on each of the rings, 
the arc of reciprocation should be 30°. By following this 
standard, every area on the pipeline will be covered twice 

5 by nozzles as the apparatus moves along the pipeline to 
ensure cleaning of the pipeline. With such operation, a 
surface finish of ISO SA 2-1/2 should be possible with a 
highly angular surface profile of up to 0.003 inches in 
mean differential to provide a superior base for a new 

to coating. 

The centering assembly 24 positions the nozzle car- 
riage assembly 36 on the pipeline and ensures that the 
nozzles 44 maintain the proper standoff from the pipe- 
line. The control module 58 directs the flow of water and 
75 abrasive to the individual nozzles and controls the oscil- 
lation of the nozzles. A two part cover 84 is mounted on 
the arms 26 and 28 to overly the nozzles to protect the 
operator and other personnel from ricocheting water and 
abrasive spray. 

so The high speed water jets in the nozzles accelerate 
the individual abrasive particles, typically sand, to greatly 
increase the momentum of the partide and allow it to 
more efficiently remove contaminants on the pipeline 
surface and obtain the needed surface profile. The high 

25 speed water jet attacks the interface that bonds the coat- 
ing or contaminant to the pipe itself and removes all 
loosely bonded material, in addition, the water will dis- 
solve and remove any corrosion causing salts on the 
pipeline. The erosive action of the abrasive is used to 

30 remove the tightly bonded material such as rust and 
primer and provide the desired surface profile for receiv- 
ing a new coating. The sled unit 14 is designed to be 
towed as a separate vehicle behind the travel unit 1 6 and 
cleaning unit 18 as they move along the pipeline. The 

35 sled unit mounts the control panel for the various func- 
tions of the apparatus, and includes a computer to main- 
tain the desired relation between speed of the units along 
the pipeline and the speed of oscillation of the nozzles. 
The sled unit also contains high pressure pump units 

40 used to provide the high pressure water at nozzles 44. 
One, two or three pumps can be run in tandem depend- 
ing on the size of the pipeline to be cleaned and the 
degree of cleaning desired. Using less than the total 
number of pumps minimizes water consumption, fuel 

45 costs and maintenance when the full capacity is not 
required. Also, in the event one of the pump units goes 
off line, another unit can be brought on line quickly to 
replace it. A quintupf ex positive displacement pump with 
stainless steel fluid and pressure lubricated power ends 

so is a satisfactory pump. Such a pump can be rated at 
10,000 psi at 34.3 gallons per minute, for example. The 
sled unit also contains a compressor to operate the cyl- 
inders 32, a generator for electrical power for the motor 
60 and to power the air compressor and other controls. 

55 Also, the sled unit mounts containers of the abrasive to 
feed the cleaning unit 18. 

The chain drive and single direction rotating motor 
that oscillate the nozzles provide a smooth ramp up and 
ramp down of the nozzle operation at the ends of the 
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nozzle path, not possible if a reversing motor is used to 
oscillate the nozzles. The nozzles slow up smoothly as 
they reach the end of their oscillation arc and accelerate 
smoothly as they reverse their motion. This provides a 
smooth operation. As noted, for twelve nozzles, the arc 
of reciprocation should be 30°. For ten nozzles, the arc 
should be about 36°. For eight nozzles, the arc should 
be about 45°. 

The apparatus 1 0 can be used to apply a new coat- 
ing to the pipeline as well. Instead of nozzles 44 to apply 
abrasives and high pressure water jets, the nozzles 44 
can be used to spray a polyurethane coating on to the 
pipeline. A polyurethane coating of the type that can be 
used for such coating is sold under the trademark and 
identification PROTOGOL UT 32 1 0 and is manufactured 
by TI.B.-Chemie, a company located in Mannheim, West 
Germany. This polyurethane material is a two part mate- 
rial, one part being a resin and the other an isocyanate. 
When the two parts are mixed in a 4 to 1 ratio of resin to 
isocyanate, the material sets up in a hard state within 
thirty seconds of mixing. The apparatus 10 thus is an 
ideal device to apply such a spray in a continuous man- 
ner along the pipeline, providing, with the nozzle overlap, 
complete coating of the pipeline to the desired coating 
thickness as the apparatus moves along the pipeline. 
After the polyurethane has been applied, solvent will be 
driven through the nozzles and supply passages to pre- 
vent the polyurethane from hardening and ruining the 
apparatus. It is also possible to use only one oscillating 
nozzle per ring to apply the coating by oscillating each 
nozzle 1 80° or so and moving the unit along the pipeline 
to insure complete coverage. It is also possible to mount 
a plurality of nozzles in a fixed position on rings 38 and 
40 for either cleaning or coating if oscillation is not 
desired. 

Reference is now made to FIGURES 17-27 which 
illustrate a second embodiment of the present invention 
identified as automated pipeline treating apparatus 100. 
Many of the components of apparatus 100 are identical 
and work in the same manner as components of appa- 
ratus 10. Those components are designated by the same 
reference numerals in FIGURES 17-27. 

Apparatus 100 is illustrated using only two nozzle 
carriage assemblies 36 and nozzles 44 in the apparatus. 
In contrast to apparatus 10, the nozzle carriage assem- 
blies lie in the same plane perpendicular to the axis 20 
of the pipeline, instead of being staggered along the 
length of the pipeline as in apparatus 10. This is made 
possible by providing a carriage mounting ring 102 on 
arm 26 and a carriage mounting ring 1 04 on arm 28, with 
each ring extending an arc of somewhat less than 180° 
so that there is no interference between the rings as the 
apparatus is placed in the operating position. A chain 
drive ring 1 06 is mounted to arm 26 adjacent to carriage 
mounting ring 102. A similar chain drive ring 108 is 
mounted on arm 28 adjacent to ring 104. Rings 106 and 
108 are also somewhat less than 180° in arc to avoid 
interference when the apparatus is in the operating posi- 
tion. 



As best illustrated in FIGURES 23 and 24, the nozzle 
carriage assembly 1 1 0 is provided with four guide wheels 
112, two of which run on the inner rim of a carriage 
mounting ring, and the other two running on the outer 

5 rim of the carriage mounting ring, to support the nozzle 
carriage assembly for arcuate motion along the ring. The 
nozzle 1 1 4 itself can be adapted for high pressure water 
jet cleaning using abrasives, as nozzle 44, or as a nozzle 
to distribute a pipeline coating such as the two part poly- 

w urethane mentioned previously. FIGURE 24 illustrates 
the mounting of pin 116 on the carriage assembly 110 
which is permitted to move a limited distance vertically 
as shown in FIGURE 24 as it follows the special link in 
the drive chain in oscillation. 

is With reference to FIGURE 25, the details of the 
chain drive ring 108 can be better described. As only a 
single nozzle is mounted on the associated carriage 
mounting ring, it will be desirable to have the nozzle car- 
riage assembly and nozzle oscillate 180°. Thus, the con- 

20 tinuous chain 118 mounted on the chain drive ring 1 08 
extends about the entire periphery of the drive ring and 
is supported by tensioning wheels 120 and 122. Guides 
1 24 are also provided to guide the chain about the ring. 
With reference to FIGURES 21 and 22, the nozzle 

25 oscillating driving elements of apparatus 100 are illus- 
trated. The motor 60 drives a single drive gear 1 26 from 
its drive shaft 62. A continuous chain 1 28 connects drive 
gear 126 with driven gears 68 and 72. Tensioning gears 
130 allow for tensioning of the chain, ft can be seen in 

30 apparatus 100 that the positioning of the rings 102 and 
104 in a parallel plane permits a single drive gear 126 to 
operate the nozzles being oscillated. 

With references to FIGURES 1 7-20, arm 26 can be 
seen to have parallel bars 132 and 134 extending from 

35 the arm parallel to the axis 20 of the pipeline which sup- 
ports the nozzle carriage assembly 36. Arm 28 has a 
similar pair of bars 136 and 138 which extend parallel 
the axis 20. The chain drive rings 106 and 108 are sup- 
ported on the bars through brackets 140 which have 

40 cylindrical apertures 142 so that the rings can be slid 
over the bars and supported thereby. The carriage 
mounting rings 102 and 104 have similar brackets 144 
as best seen in FIGURE 20. 

To isolate the nozzle action from the remainder of 

45 the pipeline and apparatus other than that being treated, 
semi-circular annular plates 146 and 148 are mounted 
on arms 26 and 28, respectively, which lie in a plane per- 
pendicular axis 20 and are closely fit around the outer 
circumference of the pipeline to isolate the components 

so of the centering assembly from the portion 150 of the 
pipe being treated. Each semi-circular annular plate 
includes a semi-cylindrical shield 152 which extends 
from the plate concentric with the pipeline radially inward 
of the carriage mounting rings, chain drive rings and noz- 

55 zles. An aperture 154 must be formed in the shield 152 
at the position of each of the nozzles used so that the 
nozzles spray passes through the associated aperture 
to impact on the outer surface of the pipeline. Where, as 
shown in apparatus 100, the nozzles will move approxi- 



6 



11 



EP 0 710 511 A1 



12 



mately 180°, the aperture 154 must extend roughly a 
similar arcuate distance. 

With reference to FIGURES 26 and 27, a two part 
shield ass mbly 1 56 including shield 1 58 and shield 1 60 
are mounted on the bars 132-138. 

Shield 160 illustrated in FIGURES 26 and 27 can be 
seen to include wheels 162 for guiding the shield along 
bars 136 and 138. The shield 160 includes a semi-cylin- 
drical concentric plate 164, and annular plates 166 and 
1 68 which extend in a radial direction from the axis 20 of 
the pipeline. A pneumatic double acting cylinder 170 is 
mounted on each of the arms 26 and 28 to move the 
shields 158 and 160 along the bars between a first posi- 
tion 172 and a second position 174 as seen in FIGURE 
1 8. In the first position 1 72, the plate 1 64 fits concentri- 
cally within the shields 152 and radially inward from the 
nozzles. Thus, the shields 158 and 160 prevent either 
the high pressure water jet or coating discharged from 
the nozzles from contacting the pipeline surface. In the 
first position, the annular plates 1 66 and 1 68 prevent the 
discharge of the nozzles from spraying either direction 
along the axis of the pipeline. 

In the second position 1 74, the shields 1 58 and 1 60 
are moved to permit the nozzle spray to impact on the 
portion 150 of the pipeline being treated. However, the 
annular plate 166 will prevent the spray from escaping 
from the apparatus in the direction of arrow 22. 

The use of shield assembly 156 can have a number 
of benefits when coating a pipeline, for example. It may 
be desirable to leave a short length of the pipeline 
uncoated, for example, at a weld, and this can be 
achieved without stopping the motion or operation of the 
apparatus along the pipeline by simply drawing the shield 
assembly into the first position for a sufficient period of 
time to prevent the coating over the desired gap. Once 
the gap is passed, the shield assembly 156 can be 
returned to the second position and coating of the pipe- 
line can continue without interruption. 

To insure consistent cleaning, surface preparation 
and even coverage of the coating material being applied, 
it is desirable if the spray nozzle position can be adjusted. 
The spray nozzles may vary in the width of the spray pat- 
tern, profile of the pattern, and size of the orifice. These 
variations are a result of the manufacturing tolerances 
encountered in the manufacturing of the spray nozzle. 
Variations will also occur as the spray nozzle wears dur- 
ing operation. 

The amount of material (water, water and abrasive, 
and/or coating) directed or applied to the surface of the 
pipe per unit of time is affected by the variables listed 
above. The spray exits the spray nozzle in a "fan" pattern. 
The closer a spray nozzle is to the surface of the pipeline, 
the smaller the "footprint" made by the spray on the pipe- 
line. As the width of the spray pattern at a specified dis- 
tance from the spray nozzle may vary, the desired spray 
"footprint" on the pipeline can be obtained if the distance 
of the spray nozzle from the pipeline can be adjusted. 

During the operation of the spray nozzles, the noz- 
zles become worn and the fan pattern width at a given 



distance will decrease. To compensate for this wear and 
to prolong the useful life of the spray nozzle, it is neces- 
sary to increase the distance of the spray nozzle from 
the pipeline. This should be done frequently to insure 
s optimum performance. 

The profile of the spray pattern may vary also. This 
can result in the pattern being skewed to one side or the 
other. Skewing of the fan pattern can cause a portion of 
the fan pattern to miss the desired target on the pipeline. 
w This skewing can be severe enough that a portion of the 
spray pattern may actually miss the pipeline entirely, 
causing inefficiencies and loss of water, water and abra- 
sive, or coating material. To compensate for this, the 
spray nozzle needs to be moved arcuately, along the 
is arcuate ring. 

The size of the orifice can vary from spray nozzle to 
spray nozzle. The larger the orifice, the greater amount 
of material that will exit the nozzle per unit of time. The 
sprayed material exits the nozzle in a "fan" pattern, con- 
sequently the amount of spray material contacting the 
pipeline per square inch per unit of time can be 
decreased by increasing the distance of the spray nozzle 
from the pipeline. 

To compensate for these numerous factors it is 
desirable to be able to adjust the distance of the spray 
nozzle from the pipeline and the position of the spray 
nozzle around the arcuate ring. Further, these adjust- 
ments must be made while the unit is operating so the 
adjusting mechanism must be capable of being operated 
by worker in bulky protective clothing and heavy gloves. 
The adjustments, once made, should be able to get 
"locked" in to prevent the spray nozzle position from 
changing due to vibration or operation of the equipment. 

When spraying water, water and abrasive, or coating 
materials, the orifice of the spray nozzle will occasionally 
become partially of completely plugged with foreign mat- 
ter. This will distort the spray pattern if partial blockage 
occurs and reduce the amount of material per unit of time 
being sprayed through the nozzle. This problem is par- 
ticularly significant when rapid set coating materials are 
used. If spray nozzle blockage occurs in this situation 
and flow cannot be restarted quickly the coating material 
in the system wilt set up and require stopping work and 
rebuilding the entire system. 

Many times this blockage can be removed from the 
spray nozzle if the spray nozzle can be rotated 180° and 
the blockage "blown out" of the spray nozzle using the 
high pressure water, water and abrasive or coating. The 
nozzle can then be rotated back to the operating position 
and commence spraying. 

With reference now to FIGURES 28-38, a nozzle 
assembly 200 is illustrated which forms another embod- 
iment of the present invention. The nozzle assembly 200 
will replace a cleaning nozzle 44 and can be mounted 
either on nozzle carriages 42 or directly on an arcuate 
ring, such as rings 38 and 40. The nozzle assembly 200 
provides for reversing the tip of the nozzle for cleaning. 
The nozzle assembly 200 further provides for adjusting 
the position of the nozzle in both the Y direction along a 



25 



30 



35 



40 



45 



50 



7 



13 



EP 0 710 511 A1 



14 



radius from the center line of the pipe being coated or 
cleaned and the X direction, about the circumference of 
the pipe to provide a proper spray pattern on the exterior 
surface of the pipe. Such adjustments are of great benefit 
as each nozzle will have a slightly different spray pattern 
due to manufacturing variations and, as the spray nozzle 
wears, the spray pattern wilt change.. Thus, the nozzle 
assembly 200 provides a mechanism for initially setting 
the spray pattern for optimal cleaning or coating and 
allows the operator to adjust the nozzles as they wear to 
maintain the optimum coating or cleaning, while extend- 
ing the useful service life of the nozzle. 

With reference now to FIGURES 28-31 , the nozzle 
assembly 200 can be seen to include a bracket 202 
which is rigidly secured to the nozzle carriage assembly 
or ring and is thus in a fixed relation to the pipe being 
cleaned or coated during the operation. A spray gun 204 
is mounted to the bracket 202 through a parallel arm 
assembly 206 which allows predetermined movement of 
the spray gun 204 in the Y direction, toward or away from 
the outer surface of the pipe. The parallel arm assembly 
206, in turn, is mounted to the bracket 202 by a mecha- 
nism which allows it, and the attached spray gun 204, to 
be moved in the X direction, along the circumference of 
the pipe. 

The bracket 202 includes sides 208 and 2 1 0 in which 
are formed a series of aligned holes 212, 214 and 216 
extending along the X direction. Spaced from the series 
of holes 212-216 are aligned hoi es 2 1 8 and aligned elon- 
gated openings 220. The bracket 202 also includes a top 
222 which has a series of holes 224, 226, and 228 
formed therethrough which extend along the Y direction. 

As seen in FIGURES 28-31 , the parallel arm assem- 
bly includes an upper arm 230 and a lower arm 232. The 
first ends 234 of each of the arms 230 and 232 are sup- 
ported for limited movement in the X direction by a pair 
of pins 236 received in aligned holes 212 and 21 6 of the 
bracket 202. Also mounted along the pins for movement 
in the X direction, and captured between the first ends 
234, is a threaded adjustment nut 238. The nut 238 has 
a threaded aperture 240 which aligns with holes 214 in 
the bracket 202. A threaded screw 242 is mounted to the 
bracket 202 through holes 214 for rotation about a lon- 
gitudinal axis parallel the X direction, but is prevented 
from motion along the X direction. A knob 244 and clamp- 
ing handle 246 are mounted at one end of the screw. The 
screw is threaded through the aperture 240 in nut 238. 
Thus, as the knob 244 is rotated one way or the other, 
the nut 238, arms 230 and 232 and assembly 206 are 
moved in the X direction. Because the spray gun 204 is 
attached to the parallel arm assembly 206, the gun is 
similarly traversed in the X direction. Once a desired 
position has been achieved, the handle 246 can be 
rotated to lock the screw relative to the bracket 202 to 
prevent movement of the spray gun. 

Movement of the spray gun in the Y direction is 
accomplished in the following manner. A rod 248 is 
mounted on the upper arm 230 which extends along the 
X direction. A nut 250, best shown in FIGURES 32 and 



33, is slidable along rod 248 and has an aperture 252 to 
receive the end of a threaded screw 254. The threaded 
screw 254 has a groove 256 formed in the end thereof 
which is positioned within the aperture 252 adjacent to 

5 holes 258 in the nut Holes 258 receive pins to prevent 
the threaded screw 254 from pulling out of the aperture 
252, but allow the threaded screw to rotate within the 
aperture. A block 262 is mounted on the top 222 of the 
bracket 202 through holes 224 and 228 and has a 

10 threaded aperture 264 aligned with hole 226 through 
which the screw 254 is threaded. A knob 266 and damp- 
ing handle 268 are mounted at the end of the threaded 
rod exterior of the bracket Rotation of the knob will cause 
the threaded screw to move up or down in the Y direction 

75 relative to the block 262. This, in turn, causes the parallel 
arm assembly 206 and the spray gun 204 to move in the 
Y direction as well. While the actual movement of the 
spray gun is along a curved arc, the relatively minor travel 
along the Z direction is inconsequential while achieving 

20 the proper position in the Y direction. Preferably, the rod 
248 extends into the elongated openings 220 in the 
bracket 202 which predetermines the range of motion in 
the Y direction between the ends of the openings 220. 
The second ends 272 of the parallel arm assembly 

25 206 are pivotal ly attached to a gun mount bracket assem- 
bly 274 with a pair of removable pins 276 such as sold 
by Reed Tool. Each removable pin has a spring detent 
which holds the pin in place during normal operation, but 
allows the pin to be readily removed by simply pulling the 

30 pin out to allow the gun to be removed for cleaning. 

The spray gun 204 is mounted to the bracket assem- 
bly 274 with a gun mount pin 278 as seen in FIGURES 
34 and 35. Spray gun 204 can, for example, be a Model 
24AUA AutoJet Automatic Spray Gun manufactured by 

35 Spraying Systems Co.. North Avenue at Schmale Rd.. 
Wheaton, IL 60187. This gun has a T-handle screw to 
lock the gun onto a pin 278. The gun mount pin 278 has 
a pair of flats 280 and 282 which allows the spray gun 
204 to be clamped to the pin at a predetermined orien- 

40 tation as the end of the T-handle screw on the gun will 
be tightened on one of the flats. The pin 278 has an ori- 
enting extension 284 which fits into an alignment hole in 
the bracket assembly 274 to orient the pin relative to the 
bracket assembly. Thus, the angle of the spray gun 204 

45 will be set relative to the nozzle assembly 200. Two flats 
280 and 282 are provided so that the pin can be inserted 
from either side of the bracket assembly and properly ori- 
ent the spray gun. 

In the design of the present invention, the X and Y 

so movements can be adjusted simultaneously, which gives 
the operator great flexibility in adjusting the spray pat- 
tern. 

With reference to FIGURES 36-38, the operation of 
the reversible nozzle 286 will be described. The tip 288 
55 of the nozzle can be rotated within the nozzle about an 
axis 290 perpendicular the direction of the aperture 292 
through the nozzle. This permits the tip 288 to be 
reversed and cleaned by the flow through the nozzle. 
Such a nozzle is sold by Graco, Inc., P.O. Box 1 441 , Min- 
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neapolis, Minnesota 55440-1441 as their Rack IV noz- 
zle, Patent No. 222-674. This nozzle was meant to be 
operated manually with a finger operated T-handle, how- 
ever, the nozzle is modified to attach the tip 288 to a ball 
valve operator 294. Ball valve operator 294 is designed 5 
to rotate a shaft 296 1 80° in one direction, and the same 
in the reverse direction as would normally be done to 
activate a ball valve. An adapter 298 as seen in FIGURES 
37 and 38 t connects the shaft 296 of the bail valve oper- 
ator to the tip 288 of the nozzle 286. The adapter 298 w 
has an aperture 300 for a pin to pass through the adapter 
and the shaft 296 to insure joint rotation. A notch 302 in 
the end of the adapter 298 receives the T-handle of tip 
288. Thus, activation of the ball valve operator 294 will 
cause the tip 288 to reverse and then return to normal 15 
operation position. A suitable ball valve operator is man- 
ufactured by the Whitey Valve Company of 318 Bishop 
Rd., Highland Height, Ohio 44143, as an air actuator for 
ball valves, Series 130, 150 and 121, and is air solenoid 
activated. 20 

When the nozzles 286 are used to spray two com- 
ponent coatings, particularly ones that set within the 
space of thirty seconds, it is very important to be able to 
reverse the tip 288 for cleaning. An operator may observe 
that the spray pattern is becoming non-uniform, indicat- 25 
ing the beginning of a clog in the tip. The operator 294 
then reverses the tip so that the flow through the spray 
gun tends to clean out the tip. Usually, it is sufficient to 
maintain the tip in the reverse position for only two or 
three seconds for adequate cleaning. The tip is then 30 
reversed by the operator to the normal operating position 
where the spray pattern should be uniform. 

The gun mount bracket assembly 274 also is pro- 
vided with a shield 310. A rectangular aperture 312 is 
formed through the shield for passage of the spray from 35 
the nozzle. Since the shield 310 travels with the nozzle 
in both the X and Y direction, the aperture size can be 
minimized to reduce back spray which could clog or build 
up on the nozzle assembly and adversely effect perform- 
ance. 40 

A pipeline treating apparatus 350, forming a third 
embodiment of the present invention is illustrated in FIG- 
URES 39-56. The apparatus 350 is again used for treat- 
ing the exterior surface of pipeline 1 2 as will bedescribed 
hereinafter. 45 

The apparatus includes a main frame 352 which is 
set atop the pipeline 1 2 and pivotally mounts a wing 354 
and a wing 356 which enclose a length of the pipeline in 
the closed position. As can best be seen in FIGURES 
39-43, a pair of air cylinders 358 are pivotally mounted so 
on each side of the main frame 352 and the pistons 360 
thereof are pivotally secured to the adjacent wing. 
Retraction of the pistons 360 into the air cylinders will 
cause the wings to pivot away from the pipeline (as 
shown by wing 356 in FIGURE 42), allowing the appara- ss 
tus to be removed from the pipeline. Installation is per- 
formed by pressurizing the cylinder to pivot the wings into 
the closed position, as seen in FIGURES 39-41 for treat- 
ment of the pipeline. An auxiliary mechanical clamp, not 



shown, can be used to secure the wings in the closed 
position in lieu of or in supplement to maintaining pres- 
sure in the cylinders 358 to hold the wings in the closed 
position. 

Mounted at the front of the main frame 352 is a drive 
assembly 362. Mounted at the back of the main frame 
352 is an idler roller 364. The drive assembly 362 
includes a motor which drives a gear reduction unit 368 
with an output at gear 370. A driven roller 372 is mounted 
on the assembly and engages the top of the pipeline. A 
gear 374 is secured at one end of the roller and a chain 
376 interconnects the gears 370 and 374 to transmit 
rotation from the motor to the drive roller 372. In this man- 
ner, the apparatus can be moved along the pipeline as 
desired. 

As can be seen in FIGURES 39-43, each wing also 
mounts a front idler wheel 378 and a back idler wheel 
380 which engage the surface of the pipeline when the 
wings are in the closed position. In the closed position, 
wheels 378 and 380 and rollers 364 and 372 are about 
120° apart about the circumference of the pipeline. 

With reference now to FIGURE 44, certain of the 
internal components of the apparatus will be described. 
Each of the wings mounts a number of separate nozzles 

382 to perform the operation on the pipeline. As will be 
described, each nozzle is oscillated in an arc lying in a 
plane perpendicular to the center axis of the pipeline suf- 
ficiently large so that every bit of the outer surface of the 
pipeline will be treated. The nozzles discharge against 
the outer surface of the pipeline within a blast chamber 

383 defined by the apparatus. For example, four nozzles 
can be mounted on each of the wings which oscillate 
about 45°. 

Each wing mounts a semi-circular front ring 384 and 
first and second semi-circular back rings 386 and 388. 
Each of these rings is securely fastened to the wing. 
Brackets 390 and 392 are mounted on the rings for arcu- 
ate motion in a plane perpendicular the center line of the 
pipeline and each of these brackets mounts the nozzles 
382. 

With reference to FIGURES 51 and 52, each bracket 
390 and 392 can be seen to include a central section 394 
with a forward extending arm 396 and side portions 398 
and 400 extending at an angle from the central section 
394. At the forward end of the arm 396 is mounted an 
idle carriage 402 as best illustrated in FIGURES 49 and 
50. The idle carriage has a pair of notched outer rollers 
404 which engage the outer rim of the front ring 384. The 
carriage also has a single notched inner roller 406 which 
engages the inner rim of the ring 384. Thus, the idle car- 
riage, and therefore the arm 396, is restrained from radial 
movement along a radial line extending from the center 
line of the pipeline, but is permitted to move in an arc at 
a constant radius from the center line guided along the 
inner and outer rims of the front ring 384. 

Mounted to each of the side portions 398 and 400 
of the brackets is a drive carriage 408 as illustrated in 
FIGURES 47 and 48. The drive carriage 408 mounts a 
pair of double notched outer rollers 410 which engage 
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the outer rims of the rings 386 and 388. A single double 
notched inner roller 412 engages the inner rim of the 
rings 386 and 388. Again, the drive carriages 408 and 
side portions 398 and 400 are prevented from movement 
in a radial direction along a radial line from the center line 
of the pipeline by the engagement between the rollers 
and the rings. However, the carriages and side portions 
can move in an arcuate direction at a constant radius 
from the center line of the pipeline guided by the inner 
and outer rims of the rings 386, 388. Also forming part 
of each drive carriage 408 is a member 414 which 
defines an elongated guide slot 41 6 to engage the chain 
drive described hereinafter. 

A quarter section backing plate 417 is bolted 
between each pair of drive carriages 408. The backing 
plate provides support to the carriages 408 and brackets 
as they oscillate. 

Each wing mounts one or more drive motors 418 on 
the back side thereof (see FIGURES 44, 45 and 55). The 
drive motor is connected to a gear reduction unit 420 and 
the output of the unit 420 is provided through a drive shaft 
422 ending in a gear 424. With reference now to FIG- 
URES 44 and 45, the gear 424 drives gears 426 and 428 
through a drive chain 430 tensioned by a tension idler 
432. The gears 426 and 428. and tension idler 432, are 
each mounted for rotation on the back ring 388. 

A gear 434 is mounted to gear 426 for joint rotation. 
Similarly, a gear 436 is attached for rotation with the gear 
428. A gear 438 is spaced along the ring from gear 434 
and is secured to the ring. A chain 440 extends about 
the gears 434 and 438 and is tensioned by chain ten- 
sioners 442. One link of the chain 440 is provided with a 
pin 444 which extends rearward from the chain and into 
the elongated guide slot 416 in one of the two drive car- 
riages 408 mounted on the bracket 390. As the motor 
drives the gears and chain 440 in a constant unidirec- 
tional motion, the pin 444 will cause the drive carriage 
408 and nozzles mounted thereon to be oscillated in an 
arcuate manner determined by the length of the chain 
440. The position of gear 438 can be adjusted on the ring 
388, and the chain 440 lengthened or shortened accord- 
ingly to change the degree of oscillation of the drive car- 
riage, and therefore the nozzles. Similarly, a gear 439 is 
spaced along the ring from gear 436 and a chain 441 is 
tensioned about gears 436 and 439 by tensioners 442. 
One of the links of the chain also has a pin 44 extending 
rearward to engage the guide slot 416 in one of the drive 
carriages 408 on bracket 392. 

The arcuate motion of each of the brackets 390 and 
392 can be tailored for the number of nozzles mounted 
on the bracket. For example, if two nozzles are mounted 
on the bracket, one each on a side portion 398 or 400 as 
seen in FIGURE 39, the arcuate motion of the bracket 
will be desired to about 45°. This will insure that the entire 
quadrant of the pipeline surface covered by the bracket 
will be treated. If three nozzles are mounted on the 
bracket, the chain 440 driving the bracket will be short- 
ened and the gear 438 will be repositioned so that the 
arcuate motion is about 30°. 



It should be noted that each driving motor, driving 
two brackets 390 and 392, can drive those brackets with 
different arcuate motions simultaneously. For example, 
pipe is often rustier on its bottom surface than its top sur- 

5 face. It may therefore be important to provide a heavier 
cleaning effort on the lower portion of the pipeline than 
the upper portion in order to maximize the speed of 
movement of the cleaning apparatus. As such, three noz- 
zles could be put on the brackets 392 on the lower quad- 

10 rants of the pipeline surface and two nozzles on the 
brackets 390 on the upper quadrants of the pipeline sur- 
face with the respective chains 440 and 441 and gears 
438 and 439 positioned so that the upper quadrant is 
reciprocated 45° and the lower quadrant is reciprocated 

75 30° for the same motion of the drive motor and drive gear 
424. Thus, the present design provides great flexibility in 
tailoring the nozzle distribution for a particular pipeline 
application. For example, 4 to 12 nozzles, or more, could 
be used on the apparatus. 

20 With reference nowto FIGURES 53 and 54, the indi- 
vidual nozzles 382 are held in position on the brackets 
by a nozzle clamp bracket 446. The bracket has an aper- 
ture 448 defined between two clamp arms 450 and 452 
to receive the nozzle. The center line 454 of the aperture 

25 is preferred to be at an angle from perpendicular to the 
outer surface of the pipeline, typically 15°, which is 
believed to enhance the action of the nozzle discharge 
on the outer surface of the pipeline. The nozzle position 
relative to the outer surface of the pipeline can be varied 

30 by moving the nozzle along the center line of the aper- 
ture. When the desired position is reached, a bolt is 
passed through mating holes 456 in each of the arms 
and the arms are clamped together to clamp the nozzle 
to the bracket 446. 

35 As seen in FIGURES 39-43, the pipeline treating 
apparatus 350 can be quickly adjusted for use on a dif- 
ferent size pipeline within a predetermined range of 
sizes, for example, between 20-36 inches pipeline diam- 
eter. This is accomplished through the mounts of the 

40 drive assembly 362, roller 364 and the idler wheels 378 
and 380. As can best be seen in FIGURE 39, each idler 
wheel is mounted on a bracket 460 which has a plurality 
of holes 462 spaced at one inch intervals therealong 
which lie on a radial line from the center line of the pipe- 

45 line. The idler wheels can simply be reattached at differ- 
ent holes 462 along the bracket 460 to adjust the radial 
position of the idler wheel. The drive assembly 362 and 
roller 364 are similarly mounted on brackets 464 with a 
plurality of holes 466 lying on a radial tine from the center 

so line of the pipeline to permit the drive assembly to be 
radially moved in a similar manner. 

In addition to the movement of the drive assembly 
and idler wheels, the annular brushes 468 at each end 
of the apparatus will be changed to accommodate the 

55 diameter of the pipeline. The brushes 468 are intended 
to isolate the blast chamber 383 defined by the apparatus 
about the outside of the pipeline being treated from the 
exterior environment during surface preparation activi- 
ties. 
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In one application, pipeline treating apparatus 350 
is designed for cleaning the exterior of a pipeline with 
small steel particles exhausted from the nozzles by air 
at a pressure between 100 and 150 psi. The particles, 
and debris removed from the exterior of the pipeline, will 
fall by gravity near the bottom of the apparatus 350. Man- 
ifolds 470 and 472 are provided at the bottom of the 
apparatus and are connected to vacuum piping to draw 
the debris and material out of the apparatus for separa- 
tion, treatment and disposal. 

With reference now to FIGURES 57-60. a pipeline 
treating apparatus 500 forming a modification of the 
present invention is illustrated. Many of the elements are 
identical to those previously described in pipeline treat- 
ment apparatus 350 and are identified by the same ref- 
erence numeral. 

Apparatus 500 has an oscillating assembly which 
includes a pair of identical chain drive assemblies 502 
(not shown) and 504 which oscillate nozzles in an arcu- 
ate manner about the outer surface of the pipe 1 2 being 
treated. Each chain drive assembly includes an electric 
motor 508, a gear reduction 510 and a pair of drive gears 
512 rotated by the motor 508. Each of drive gears 512 
is connected to intermediate gears 514 through drive 
chains 516. Each of the intermediate gears 514 is, in 
turn, connected to final gears 518 through drive chains 
520. 

A drive carriage 522 (not shown) is mounted on one 
wing 524 (not shown) of the apparatus for arcuate motion 
along a predetermined angle, for example about 45°. 
Similarly, an identical drive carriage 526 is mounted on 
an identical wing 528 for similar arcuate motion. Each of 
the drive carriages has a drive plate 530 which extends 
between the drive chains 520 and is linked to the drive 
chains 520 to oscillate the drive carriages. Each drive 
plate 530 has a slot 532 formed therein which receives 
a pin 536 which extends between the drive chains 520. 
In this design, as discussed previously, the continuous 
unidirectional motion of the drive chains 520 will induce 
a reciprocating motion in the drive carriages as the pin 
536 moves the drive carnages in the arcuate manner 
while moving up and down within the slot as the pin 
moves from the upper flight of the drive chain to the lower 
flight of the drive chain. 

The mechanism described has significant advan- 
tages in providing a balanced force to the drive carriages 
to oscillate the carriages. 

Wings 524 and 526 are pivoted to main frame 501 
and can be moved between an open, removal position 
by cylinders 503 for removal or installation of the appa- 
ratus on the pipeline and a closed position concentric 
with the pipeline for treating the surface. 

With reference now to FIGURES 61-63, apparatus 
550 will be described. Many of the elements of apparatus 
550 are identical to those of apparatus 500 and are iden- 
tified by the same reference numeral. 

Apparatus 550 has crank arm drive assembly 552 
and 554. Each crank arm drive assembly includes an 
electric motor 556, a gear reduction box 558 and a crank 



arm 560. The crank arm is rotated about the axis of rota- 
tion 562. The end of each crank arm distant from the axis 
of rotation is pivoted to one end of a transition link 564. 
The other end of transition link 564 is, in turn, pivotally 

5 secured to one end of an intermediate link 566. The other 
end of intermediate link 566 is, in turn, pivotally secured 
to one end of a second transition link 568. Finally, the 
other end of the second transition link 568 is pivotally 
secured to a bracket 570 on the drive carriages 572 and 

io 574. 

The drive carriages 572 and 574 are mounted for 
arcuate motion on arcuate guide rails 576. A guide rail 
576 is positioned on each side of a drive carriage and 
the drive carriage is mounted to the guide rails through 

75 bearing assemblies 578. As can be seen in the figures, 
each bearing assembly includes a plurality of bearings 
580 which are grooved or notched to conform to the cir- 
cular outer surface of the guide rails 576. 

As will be apparent, as the motors 556 rotate the 

20 crank arms 560, the drive carriages will oscillate in an 
arcuate manner guided by the guide rails 576. Preferably, 
the drive carriages will oscillate about an arc of 45° when 
four nozzles are mounted on each drive carnage. Clearly, 
the arcuate motion can be varied to correspond to the 

25 number of nozzles utilized. 

In an embodiment constructed in accordance with 
the teachings of the present invention, the nozzles are 
mounted on the drive carnages to be adjustable in incre- 
ments of 5° for angles of between 15 to 30° relative to 

30 the surface of the pipeline. Depending on the number of 
nozzles, the drive will oscillate 20 to 50 times per minute. 
With this mechanism, the distance between nozzles is 
controlled and constant. The drive carnages also act as 
shields to keep the blast media inside the chamber. 

35 A collection pan half 597 is mounted at the lower end 
of wing 524 and a collection pan half 599 is mounted at 
the lower end of wing 528. When wings 524 and 528 are 
moved to the concentric position about the pipeline, as 
seen in FIGURE 61 , the halves 597 and 599 form a com- 

40 piete collection pan to collect debris from the treating 
operation. Ports 598 in the halves allow for disposal of 
the debris. 

With reference now to FIGURES 64-75, another 
modification of the invention is illustrated and identified 

45 as apparatus 600. The apparatus 600 can be used to 
clean, blast or coat the pipeline. The apparatus 600 has 
a main frame 602 which is supported through rollers on 
the pipe being treated. Supported from the main frame 
602 are a first housing section 604 and a second housing 

so section 606. The housing sections are pivoted to the 
main frame for pivotal motion from an operational posi- 
tion, where the housing sections fit closely about the 
outer circumference of the pipe to define a chamber 608 
therein (FIGURE 66), to a removal position where the 

55 housing sections 604 and 606 are separated from each 
other to permit the apparatus 600 to be lifted off or low- 
ered onto the pipe (FIGURE 75). 

A first nozzle frame 610 and a second nozzle frame 
612 are pivoted to the main frame 602 and similarly can 
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move, independent of housing section 604 and 606, 
between an operational position concentric with the pipe 
being treated and a removal position permitting the 
apparatus 600 to be lifted on or lowered onto the pipe 
(FIGURES 66, 75). The first nozzle frame 61 0 mounts a 5 
first nozzle plate 614 and a first oscillation drive 616 
which oscillates the nozzle plate 614 relative to the noz- 
zle frame 610 and to the circumference of the pipe. A 
second nozzle plate 618 and a second oscillation drive 
620 are mounted to the second nozzle frame 6 1 2 for sim- 10 
ilar oscillation motion. The individual nozzles 622 are 
mounted on the nozzle plates 61 4 and 618 and are oscil- 
lated through a predetermined arc relative to the outer 
circumference of the pipe to perform the desired opera- 
tion. 15 

With reference to FIGURE 74, the main frame 602 
can be seen to include unpowered rollers 624 and 626 
at one end of the frame and powered rollers 628 and 630 
at the other end of the frame. The rollers support the 
apparatus 600 on the pipe and drive the apparatus 600 20 
along the pipe during treatment. The powered rollers are 
driven by a motor 632 acting through a gear reduction 
unit 634 and a chain drive which rotates the rollers 628 
and 630. 

With reference to FIGURES 67 and 68, the first 25 
housing section 604 will be described. The second hous- 
ing section 606 is essentially identical, being a mirror 
image of the first housing section 604. The first housing 
section 604 defines a hemicylindrical member including 
a hemicylindrical outer plate 636 and side plates 638 and 30 
640 which combine to define the chamber 608. Extend- 
ing outwardly from each side plate is a hemicylindrical 
side outer plate 642 and, from the outer edge of plate 
642, an outer side plate 644. The plates 638, 640 and 
644 and side outer plate 642 define outer chambers 646. 35 
A pair of seals 648 and 650 are mounted on either side 
of plates 638 and 640 to isolate the chamber 608 from 
the outer chamber 646. Similar seals 652 and 654 are 
mounted on opposite sides of each of the outer side 
plates 644 to prevent material from escaping from the 40 
outer chambers exterior the apparatus. Thus, for mate- 
rial to escape to the exterior of the apparatus, it must first 
pass the double seals between the chamber 608 and the 
outer chambers 646 and then pass the double seals 
between the outer chambers 646 and the exterior of the 45 
apparatus. Most of the debris in chamber 608, and the 
debris which forces its way into outer chambers 646 sim- 
ply will fall by gravity to the bottom of the apparatus where 
it will be collected in a collection pan as described here- 
inafter, so 

With reference to FIGURE 68, the first housing sec- 
tion 604 can be seen to be pivoted to the main frame 602 
through a pair of brackets 656 hinged on hinge pins 658 
on the main frame 602. A dust collection duct 660 is 
mounted on each housing section over an aperture in 55 
the outer plate 636 near the top of the housing section 
for collection of airborne dust and the like. A deflector 
section 661 in the duct will reduce the kinetic energy of 
any debris thrown outward in the duct from chamber 608. 
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The duct may be connected to a vacuum source to draw 
the dust from chamber 608 for disposal. 

As seen in FIGURE 67, a gap 662 is formed in each 
of the outer plates 636 which permits the discharge of 
each of the nozzles 622 to enter the chamber 608. The 
gap is preferably in two sections, broken by a bridge at 
about the middle of the housing section. The first housing 
section also mounts guide wheels 664 on each of the 
outer side plates 644 to contact the outer surface of the 
pipe to assist in centering the housing sections about the 
pipe axis. The first housing section 604 is moved 
between the operational position and the removal posi- 
tion by a pair of cylinders 666 mounted on the main frame 
with the piston 668 of each cylinder pivoted to the first 
housing section. The cylinders 666 hold the housing sec- 
tion in the operational position as well as the removal 
position. 

With reference to FIGURE 67 and 69, thefirst nozzle 
frame 610 will be described. The second nozzle frame 
612 is substantially identical, being a mirror image of the 
first nozzle frame 610. The first nozzle frame is formed 
of a left half 670 and a right half 672. Each half includes 
an arcuate beam 674 which extends about 180°. A 
bracket 676 is mounted at the top of each beam for piv- 
otal mounting on the main frame 602 through holes 701 
by pivot pins. A pin 678 is received through holes 705 of 
brackets 676 and holes 707 in oscillation drive 616. A 
guide wheel 680 is mounted on the beam 674 to engage 
the outer surface of the pipe to assist in insuring the first 
nozzle frame is concentric with the pipe axis. A bracket 
682 is mounted on the beam 674 and pivotally mounts 
the end of a piston 684 of a cylinder 686 to move the 
nozzle frame from the operation position concentric with 
the pipeline to the removal position. The cylinders 686 
hold the nozzle frame in the operational position as well 
as the removal position. On the inside surface of the 
arcuate beam 674 is mounted a cylindrical guide tube 
688 which extends about 150° of arc. As will be 
described hereinafter, the first nozzle plate 61 4 is guided 
for oscillating motion along the guide tubes 688 and also 
acts to maintain the two halves 670 and 672 of the nozzle 
frame at the same distance from the pipe being treated. 
Two halves 670 and 672 are also connected by a cross 
brace 689 which does not interfere with the oscillation of 
the nozzle plate. 

With reference now to FIGURES 67 and 70, the first 
nozzle plate 614 will be described. The second nozzle 
plate 618 is substantially identical, being a mirror image 
of the first nozzle plate 614. 

The first nozzle plate 614 defines an outer cylindrical 
plate 690 which extends for an arc less than 180°, pref- 
erably about 140°. Side plates 692 and 694 extend radi- 
ally inward from the inner surface of the plate 690 spaced 
inwardly of the outer edges of the plate 690. On each 
side plate is mounted three roller carriages 696 which 
engage the guide tubes 688 of the first nozzle frame 610, 
permitting the first nozzle plate to move in an arcuate 
direction relative to the first nozzle frame along the guide 
tubes. Four guide wheels 698 are mounted on the outer 



EP 0 710 511 A1 



12 



23 



EP 0 710 511 A1 



24 



cylindrical plate 690 and bear against the outer surface 
of 604 (Fig. 64) binding of the roller carriages 696 and 
guide tubes 688 and to properly space the halves of the 
first nozzle frame. Near the top of the plate 690 is 
mounted a bracket 700. Multiple nozzles 622 are 5 
mounted on the outer cylindrical plate 690 and extend 
therethrough at equal spaced arcs along the plate. For 
example, four nozzles can be mounted on the plate at 
45° spacing as shown, or five nozzles at 36° spacing, or 
any other number of nozzles desired. < 10 

With reference to FIGURES 71 and 72, thefirst oscil- 
lation drive 61 6 will be described. The second oscillation 
drive 620 is substantially identical. The first oscillation 
drive 616 includes a casing 702 forming a frame which 
is pivoted to the main frame 602 at holes 703 and is 
attached to the first nozzle frame 61 0 at holes 707 by pin 
678 spaced from the axis of holes 703 which allows the 
first oscillation drive 616 to pivot with the first nozzle 
frame 610 and the first nozzle plate 614. A motor 704 is 
mounted on the frame which drives a gear reduction unit 20 
706 to rotate an output shaft 708. A pair of gears 71 0 are 
mounted on the shaft 708 for rotation therewith. A pair of 
intermediate gears 712 are mounted on the frame 
spaced from gear 710. Chains 714 interconnect aligned 
gears 710 and 712 for joint rotation. Gears 722 are 2s 
mounted in casing 702 and are driven by gears 712 
though chains 724. A drive link 716 is mounted between 
the chains 724 so that as the gears rotate, the drive link 
71 6 is moved in a circular pattern first around gears 71 2 
and then around gears 722. A drive bracket 718 is bolted 30 
to the bracket 700 on the first nozzle plate. A slot 720 is 
formed in the drive bracket which receives the drive link 
716. Thus, as the motor is continuously rotated in a sin- 
gle direction, the gears will cause the drive link 716 to 
move in a continuous elongated circular pattern which, 35 
in turn, causes the drive bracket 71 8 to move in an oscil- 
lating arcuate manner to oscillate the first nozzle plate 
614 and the nozzles mounted thereon. 

The use of the chain drive allows the nozzles 622 to 
dwell longer at the end of its arc of travel to give better 40 
treatment at the limits of nozzle motion. This occurs 
because the linear speed of the chain is constant and 
the nozzle oscillation will slow down and dwell at the lim- 
its of its motion as the drive link 716 follows the chains 
about the circumference of the gears 712 and 722. By 45 
changing the diameter of gears 712 and 722 this dwell 
time can be varied. Even with this advantage of dwell 
time, the nozzle motion is smooth, without sudden stops 
or starts because the linear speed of the chain remains 
uniform throughout the oscillation. so 

With reference to FIGURES 65, 66 and 67, a collec- 
tion pan assembly 726 is mounted between the first and 
second nozzle frames 610 and 612 and is designed to 
catch the debris discharged from the chamber 608 and 
from the outer chambers 646 for collection and disposal, ss 
The housing sections 604 and 606 have holes or aper- 
tures at their lower ends which lie above the collection 
pan assembly 726. The debris from chambers 608 and 
646 fall through these holes or apertures into the collec- 



tion pan assembly. The assembly includes a collection 
pan 728 which has guide rails 730 and 732 mounted on 
opposite sides thereof. The rails 730 and 732 define a 
C-shaped cross section and each receive guide rollers 
734 and 736 mounted on the first and second nozzle 
frames 610 and 612, respectively. As the nozzle frames 
are pivoted to the operational position, the guide rollers 
734 and 736 run along the guide rails 730 and 732 to lift 
the collection pan 728 closer to the bottom of the housing 
section 604 and 606. When the nozzle frames are moved 
to the removal position, the guide rollers 734 and 736 
move outwardly on the guide rails 730 and 732, permit- 
ting the collection pan 728 to drop downward relative to 
the bottom of the housing sections 604 and 606. As best 
seen in FIGURE 76, each of the guide rollers 734 and 
736 is mounted to its respective nozzle frame by two 
quick release pins 738 allowing the collection pan 
assembly to be quickly removed from the nozzle frames 
and permitting the apparatus 600 to be removed from or 
placed onto the pipe. Only one of the quick release pins 
need be removed, permitting the guide rollers to be piv- 
oted outwardly about the other quick release pin as 
shown in phantom in FIGURE 76. 

On one side of the collection pan 728 ports 740 are 
formed through the side and mount discharge conduits 
742 for drawing the debris from the collection pan 728 to 
a remote location for disposal. 

In any of apparatus 350. 500. 550 and 600, each of 
the wings, housing sections and nozzle sections can be 
formed in multiple pivoting portions to facilitate installa- 
tion and removal of the apparatus from the pipeline. 

With reference now to FIGURE 77, a pipeline treat- 
ing apparatus 81 0 is illustrated forming an eighth embod- 
iment of the present invention. In all respects except as 
noted hereafter, apparatus 810 is essentially identical to 
apparatus 600. The apparatus 810 is designed to travel 
along a pipe or pipeline 812 to clean the pipeline with 
jets of high pressure air with abrasive entrained in the air 
flow. The apparatus 810 includes a frame 814 which 
mounts front rollers 816 and rear rollers 818 which 
engage the upper surface of the pipeline to support the 
weight of the apparatus directly on the pipeline. The 
frame 814 includes a lifting eye 820 which permits the 
apparatus to be removed from or installed on the pipeline 
by a crane or the like. Frame 814 also mounts a main 
drive 822 which rotates the front rollers 816 to drive the 
apparatus 810 along the pipeline as the pipeline is 
cleaned. 

Af irst blast chamber housing 824 and a second blast 
chamber housing 826 are pivoted from the frame 814 
and completely surround the exterior of the pipeline 
along a portion of its length to define a blast chamber 
828. The housings 824 and 826 can be pivoted from the 
cleaning position surrounding the pipe, as seen in FIG- 
URES 77. 78 and 79. to a position pivoted away from the 
pipeline to allow the apparatus to be removed and 
installed from the pipeline. The blast chamber housings 
are very similar to housing sections 604 and 606 in appa- 
ratus 600. 
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A first nozzle oscillating frame 830 and second noz- 
zle oscillating frame 832 are also pivoted onto the frame 
814 separate from the housings 824 and 826. Frames 
830 and 832 are very similar to nozzle frames 610 and 
612 in apparatus 600. Each of the frames 830 and 832 5 
mount a series of nozzle assemblies 834 with nozzles 
911 on an oscillating plate 836 for delivery of the high 
pressure air and entrained abrasives to the exterior of 
the pipeline. The plates 836 are oscillated a predeter- 
mined arc about the exterior circumference of the pipe- 
line by drives 838 mounted on the frames. The nozzles 
pass through a slit opening in the housings so that the 
nozzles discharge directly against the exterior of the 
pipeline surface. 

As the high pressure air and abrasive remove the 
old coating from the pipeline, a large quantity of debris 
is generated, which includes the old coating removed 
from the pipeline and the abrasive. This debris must be 
removed from the apparatus to maintain the efficiency of 
the apparatus. Further, it is desirable to separate the 
components of the old coating from the abrasive to allow 
the abrasive to be reused. 

In the present invention, heavier and larger debris 
will fall to the bottom of the blast chamber 828 and into 
a collection pan 840. Pan 840 is very similar to pan 
assembly 726 of apparatus 600. Vacuum ducts 842 
extend from the pan and are connected to a source of 
vacuum to draw the debris from the pan for sorting in a 
device traveling alongside the apparatus 810 on the 
right-of-way. The debris pan is preferably formed of alu- 
minum to save weight. 

Apparatus 810 further has a series of four vacuum 
ducts or hoses 844, 846, 848 and 850 connected about 
the mid-portion of each housing 824 and 826 near both 
ends of the housings. The ducts are preferably four 
inches in diameter. Ducts 844 and 846 extend to a 
header duct 852 on one side of the apparatus while ducts 
848 and 850 extend to another header duct 854 on the 
opposite side of the apparatus. The ducts 852 and 854 
are preferably eight inches in diameter. The rearward 
ends of the header ducts 852 and 854 are, in turn, con- 
nected to a manifold duct 856. A single centrally oriented 
return duct 858 is mounted on the manifold and is con- 
nected to a source of vacuum (not shown). Duct 858 is 
preferably twelve inches in diameter. 

The vacuum drawn through the ducts causes air- 
borne debris and dust within the blast chamber to be 
sucked along the ducts. The tortuous chamber defined 
by interior panels within the manifold duct 856 assist in 
separating the lighter airborne debris from the material 
removed from the pipeline from the heavier abrasive 
media. The length of ducts 844-854 and the tortuous 
chamber allows the abrasive to lose its momentum. The 
heavier material falls into hoppers 866 and 868 formed 
as part of the manifold duct 856 and then falls into col- 
lection pan 840. The dust will be drawn through the return 
duct 858 for disposal. 

Each of the oscillating frames supports five nozzle 
assemblies 834. Therefore, the nozzle assemblies will 



have to be oscillated in an arc of about 36° in order to 
cover the entire exterior of the pipeline. Each nozzle 
assembly is supplied with abrasive and high pressure air 
through a hose 870 attached thereto. A hose support 
frame 872 is mounted at the rear of frame 81 4 which sup- 
ports each of the hoses in a position approximate the 
center of its associated nozzle's oscillation. 

Each of the nozzle assemblies is mounted on the 
oscillating frames by a snap fit fitting 874 shown in detail 
in FIGURES 81 -86. The fitting 874 includes a U-shaped 
bracket 900 which is bolted to one of the oscillating plates 
836. The facing sides of the bracket have a pair of aligned 
attachment holes 902 and safety holes 904. 

A nozzle block 906 is inserted within the U-shaped 
bracket 900 and secured thereto by a pair of quick fas- 
tening pins 908 which pass through the attachment holes 
902. 

The nozzle 911 itself is attached to an elbow 910 
which has a flange 912. FIGURES 81 , 82, and 84 illus- 
trate a right angle elbow 910. FIGURE 83 shows a 45° 
elbow 910. The nozzle block 906 has an aperture 91 4 to 
receive the nozzle and a portion of the elbow so that the 
flange 91 2 is positioned slightly above the upper surface 
916 of the block 906. A pair of securing clamps 918 are 
bolted to the block 906 on either side of the nozzle with 
bolts 920. Each securing clamp has a actuate bearing 
ring 922 which engages the flange 912 to secure the 
elbow 91 0, and thus the nozzle, to the nozzle block 906. 
Thus, to remove the nozzle, only four bolts 920 need be 
removed to remove the securing clamps 918 from the 
nozzle block 906 and the elbow 910 can simple be lifted 
out of the nozzle block 906. This permits the nozzles to 
be readily installed and removed. A threaded connection 
tends to become filled with debris, which made it difficult 
to change nozzles. Another advantage of this design is 
the possibility of using nozzles 91 1 of different configu- 
ration to tailor the nozzle to a particular application. For 
example, the stand off, or distance from the end of the 
nozzle 91 1 to the pipe surface being treated may need 
to be varied for a particular application. By installing noz- 
zles of different length, or possibly a nozzle with an 
expansion adaptor on it, the machine can be tailored for 
the specific application relatively easily. Also, the use of 
securing clamps 918 allow the nozzle to be pivoted about 
along its axis by simply loosening the securing clamps 
918 sufficient to permit the pivotal motion. This permits 
less strain to be exerted on the hose connecting the noz- 
zle to the pressure source as the nozzle can be pivoted 
to conform with the position of the hose. 

The blast chamber housings 824 and 826 are sealed 
at their ends to the outer surface of the pipeline to prevent 
debris from escaping exterior of the blast chamber. As 
best seen in FIGURE 77, triple seals at each end are 
employed, which include annular seal 876, annular seal 
878 and annular seal 880. Annular seal 880 is a double 
seal as seen in FIGURE 77. Between the inner annular 
seal 876 and the intermediate annular seal 878, a pas- 
sage is provided for debris to fall into the collection pan 
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840. By having a triple seal, the amount of debris escap- 
ing from the blast chamber will be better controlled. 

In addition to the use of triple seals, pressure relief 
filters 882 (FIGURE 79) are mounted on the front ends 
and rear ends of the blast chamber housings which 
reduces the air pressure within the blast chamber 828 to 
reduce the driving force that would tend to drive debris 
past the seals 876 - 880. Preferably, two fitters 882 are 
mounted at each end of each housing, for a total of eight. 
The filters permit air to escape from the blast chamber 
to reduce the air pressure therein but filter out the debris 
so that the debris stays within the blast chamber, tt would 
be expected that the filters would need to be cleaned or 
replaced at fairly frequent intervals. 

As the oscillating plate 836 moves downward from 
the top of the apparatus, as seen in the left side of FIG- 
URE 85. a portion of the housing 824 is no longer cov- 
ered by the oscillating plate. This would permit grit and 
debris to possibly escape the interior chamber through 
the gap 662 necessary for passage of the nozzles. To 
resist this, a shield 924 is mounted on brackets 926 which 
are secured to pin 928. Pin 928 is the pin on which the 
housing section 604 pivots from the main frame. 

The shield 924 is a flexible sheet which is rolled on 
a roller 930 mounted between brackets 926 across the 
width of the oscillating plate 836. Brackets 926 are 
secured to the hinge pins on which oscillating frames 830 
and 832 pivot and are therefore fixed relative frame 814. 
A spring, not shown, is mounted within the roller which 
normally forces the shield to roll up on the roller 930. 
However, the free end 932 of the shield is secured to the 
oscillating plate 836 by brackets 934 at either side of the 
plate 836. As the plate moves in an arc away from the 
top of the device, the free end 932 moves with the plate, 
unrolling portions of the shield from the roller to cover the 
exposed portions of the gap 662 to resist escape of 
debris from within the blasting chamber. As the oscillat- 
ing plate moves back toward the top of the device, as 
seen in the right side of FIGURE 85, the shield 924 is 
rolled up on the roller 930 by the internal spring so that 
there is never any slack in the portion of the shield 
extended from the roller 930 to the brackets 934. Any 
debris impacting on the shield 924 will slide down in the 
gap between the oscillating plate 836 and the housing 
sections and will either return through slots 662 or fall 
into the collection pan 728. 

Although several embodiments of the invention have 
been described in the foregoing description and illus- 
trated in the accompanying drawings, it will be under- 
stood that the invention is not limited to the embodiments 
disclosed, but is capable of numerous rearrangements, 
modifications and substitution of parts and elements 
without departing from the spirit and scope of the inven- 
tion. 

Claims 

1 . A pipeline treating apparatus for treating the exterior 
surface of pipeline, comprising: 
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a housing defining an enclosed chamber 
about a portion of the exterior surface of the pipeline; 

a treating mechanism mounted on the hous- 
ing to treat the exterior surface of the pipeline with a 
5 treating media, the treating media removing debris 
from the exterior surface of the pipeline; 

a classifier and separator unit mounted on the 
housing to separate the debris and the treating 
media to permit disposal of the debris and recycling 
w of the treating media to the treating mechanism; and 
a collector assembly mounted on the housing 
to remove the debris and treating media from the 
enclosed chamber to the classifier and separator 
unit. 

15 

2. The pipeline treating apparatus of claim 1 wherein 
the housing defines an annular housing about the 
circumference of the portion of the exterior surface 
of the pipeline being treated, the annular housing 

20 having an upper portion, an intermediate portion 
and a lower portion, the collector assembly including 
at least one upper duct connecting the upper portion 
of the annular housing to the classifier and separator 
unit, at least one intermediate duct connecting the 

25 intermediate portion of the annular housing to the 
classifier and separator unit and a collection tray 
mounted to the housing at the lower portion of the 
housing. 

30 3. The pipeline treating apparatus of claim 1 wherein 
the housing includes at least one vent to prevent 
overpressure of the chamber, the vent having a filter 
mounted therein to prevent debris and treating 
media from escaping from the chamber through the 

35 vent. 

4. The pipeline treating apparatus of claim 1 wherein 
the housing includes a mainframe, a first housing 
section pivotally mounted to the mainframe and a 

40 second housing section pivotally mounted to the 
mainframe, the first and second housing sections 
defining the enclosed chamber when the first and 
second housing sections are pivoted to a first posi- 
tion, the first and second housing sections pivoted 
45 to a second position for removal of the pipeline treat- 
ing apparatus from the pipeline, the classifier and 
separator unit mounted on the mainframe, the col- 
lector assembly including at least one duct extend- 
ing between each of the housing sections and the 
so mainframe, the ducts accommodating pivotal motion 
of the housing sections between the first position 
and the second position. 

5. The pipeline treating apparatus of claim 1 wherein 
55 the classifier and separator unit includes an inertia! 

separator to separate the debris from the treating 
media. 
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6. The pipeline treating apparatus of claim 1 further 
comprising first, second and third seals mounted on 
the housing and sealing against the exterior surface 
of the pipeline to resist movement of the debris and 
treating media from the chamber exterior the pipe- 
line treating apparatus. 

7. A pipeline treating apparatus for treating pipeline, 
comprising: 

a mainframe; 

a first housing section pivotal I y mounted to 
the mainframe extending about substantially one- 
half the circumference of the pipeline; 

a second housing section pivotally mounted 
on the mainframe extending about substantially the 
other half of the circumference of the pipeline, the 
first and second housing sections defining a cham- 
ber between the housing sections and the exterior 
of the pipeline; 

a first nozzle frame pivotally mounted to the 
mainframe separately from the first housing section 
and extending about substantially one-half the cir- 
cumference of the pipeline; 

a second nozzle frame pivotally mounted on 
the mainframe separately from the second housing 
section extending about substantially the other half 
of the circumference of the pipeline; 

af irst nozzle plate mounted on thef irst nozzle 
frame for oscillating motion relative thereto; 

a second nozzle plate mounted on the sec- 
ond nozzle frame for oscillating motion relative 
thereto; 

at least one nozzle mounted on each of said 
nozzle plates for discharging a treating media 
against the surface of the pipeline to remove debris 
from the surface of the pipeline; 

a classifier and separator unit mounted on the 
mainframe to separate the debris and the treating 
media to permit disposal of the debris and recycling 
of the treating media to the nozzles; and 

at least one duct connecting each of said 
housing sections with the classifier and separator 
unit to move debris and treating media from the 
chamber to the classifier and separator unit. 

8. The pipeline treating apparatus of claim 7 wherein 
each of the first and second housing sections 
include a front end and a rear end, a duct connecting 
the front end of each of the housing sections to the 
classif ier and separator unit and a duct connecting 
each of the rear ends of the housing sections to the 
classifier and separator unit. 

9. The pipeline treating apparatus of claim 8 wherein 
each of the ducts extending from the first housing 
section connect to a first housing section manifold 
duct the first housing section manifold duct connect- 
ing to the classifier and separator unit, each of the 
ducts extending from the second housing section 



extending to a second housing section manifold 
duct, the second housing section manifold duct 
extending to the classifier and separator unit. 

5 10. The pipeline treating apparatus of claim 7 wherein 
the classifier and separator unit is an inertia) sepa- 
rator. 

11. The pipeline treating apparatus of claim 7 further 
10 comprising a collection pan mounted between the 

first and second housing sections proximate the 
lower end of the pipeline treating apparatus, the 
debris separated by the classifier and separator unit 
being returned to the collection tray. 

15 

1 2. The pipeline treating apparatus of claim 1 1 wherein 
thef irst and second housing sections include at least 
first and second seals sealing against the exterior of 
the pipeline, a chamber being defined between the 

20 first and second seals, the chamber connected to 
the collection tray so that debris entering the cham- 
ber falls into the collection tray. 

1 3. The pipeline treating apparatus of claim 1 2 wherein 
25 the first and second housing sections further include 

a third seal sealing against the exterior of the pipe- 
line. 



14. The pipeline treating apparatus of claim 7 further 
30 including at least one vent mounted on each of the 

housing sections, the vent including a filter to pre- 
vent debris and treating media from escaping from 
the chamber to exterior the pipeline treating appa- 
ratus, the vent preventing overpressure of the cham- 
35 ber. 

1 5. A pipeline treating apparatus for treating the exterior 
surface of a pipeline, comprising: 

a housing surrounding a portion of the exte- 
40 rior surface of the pipeline; 

at least one nozzle for spraying a treating 
media against the exterior surface of the pipeline; 

a nozzle mounting structure mounted on the 
housing for oscillating movement relative the exte- 
45 rior of the surface of the pipeline; and 

the nozzle being mounted to the nozzle 
mounting structure by a snap-fit connection. 

16. The pipeline treating apparatus of claim 15 further 
so including a hose connected to the nozzle to supply 

the nozzle with treating media, a hose support 
mounted on the housing separated from the nozzle 
and supporting the hose as the nozzle is oscillated. 

55 
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